Aspergillus flavus, A. parasiticus, and A. nomius are members of the economically important Aspergillus Section Flavi (6) commonly referred to as the A. flavus group (8) . The ability of many isolates of these fungi (11) to produce the carcinogenic secondary metabolites, the aflatoxins, on cereal grain and peanuts (Arachis hypogaea L.) has had a significant impact on agriculture worldwide.
Aflatoxigenic fungi are morphologically and biochemically diverse. A. flavus, A. parasiticus, and A. nomius can be distinguished by morphology by using methods that often requires 2 to 3 weeks to complete (8, 10) . A. flavus isolates are distinguishable from A. parasiticus isolates by the degree of conidial roughening (8) . The diameter of colonies of A. flavus and A. nomius grown at elevated temperatures provides a conclusive means of separation (10) . A number of other biochemical and morphological criteria are useful for identifying most, but not all, isolates (2, 10) .
Differentiation of A. flavus and A. parasiticus as separate species or as subspecies of the species A. flavus is controversial (7, 11) . A. flavus, A. parasiticus, and A. nomius may be distinguished by nuclear DNA hybridization analysis (10, 11) . A single isolate of A. flavus and a single species of A. parasiticus showed 79% DNA sequence relatedness (11) . An A. nomius isolate and the A. flavus isolate showed 34% relatedness, and the A. nomius isolate and the A. parasiticus isolate showed 39% relatedness (10) . By extrapolating from heterothallic yeasts, Kurtzman et al. (10) suggested that the extent of DNA sequence divergence between these fungi was insufficient to warrant individual species classification. They suggested that A. flavus and A. parasiticus should be reclassified as subspecies of A. flavus, i.e., A. flavus var. flavus and A. flavus var. parasiticus, and that the less closely related A. nomius should be considered a new species (10) . Klich and Mullaney (7) dispute this reclassification, suggesting that taxonomic modifications on the basis of one isolate of each species involved are inappropriate, especially when there are no guidelines for the use of such a character in the taxonomy of the filamentous fungi.
Variation in DNA sequence can be detected by restriction fragment length polymorphism (RFLP) analysis. RFLPs result from specific differences in DNA sequences which alter the fragment sizes that are generated by digestion with type II restriction endonucleases (12) . RFLPs can detect minor nucleotide variations that may not be expressed at the (13) .
Plasmids. Plasmids used for hybridization analysis are recorded in Table 1 .
Nucleic acid isolation from Aspergillus species. Nuclear DNA was extracted by using procedures modified from those of Raedar and Broda (17) as described in the accompanying paper (13 Agarose gel electrophoresis. Agarose gel electrophoresis was used to resolve restriction fragments ranging in size from 400 base pairs (bp) to 40 kilobase pairs (kb). DNA samples which had been digested with restriction endonucleases were fractionated by electrophoresis in 0.8% agarose gels in Tris-acetate buffer at 80 mA for 3 to 4 h. Bacteriophage lambda DNA digested with HindlIl and phage M13mpl9 DNA digested with HaeIII were used as size markers. The gels were stained with ethidium bromide (1 p.gIml) and destained with distilled water, and the DNA bands were visualized on a UV transilluminator and photographed.
Hybridization probes. Radioactively labeled hybridization probes were prepared by random-primed synthesis of DNA, using Escherichia coli DNA polymerase I (Klenow fragment) (3).
Hybridization conditions. Nuclear DNA fractionated on agarose gels was transferred onto PAL Biodyne nylon membrane, and the DNA was fixed by baking as specified by the ,-Tubulin, XbaI P-tubulin, EcoRI P-tubulin, EcoRV 56, 1990 on October Table 1 ). The isolates shown (Intl isolates 1 through 12 and 16; corresponding to the isolates in reference 13, Table 1 ) represent all the different RFLP patterns (A through C) that were observed among the NcoI-digested and pRRH/ X-probed Intl isolates 1 through 36 and Indian isolates 1 through 25 (summarized in Table 3 ).
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genetic distance data by unweighted pair group mathematical average clustering (UPGMA) analysis using the NT-SYS program (19) .
RESULTS
Identification of nuclear DNA RFLPs. Recombinant plasmids carrying DNA from N. crassa (rDNA, r-protein, Ptubulin, and histone H3 and H4 genes) and A. nidulans (,B-tubulin and trpC genes) were hybridized to DNA from Intl isolates 1 through 12. Three of these probes (N. crassa rDNA, r-protein, and P-tubulin) were used to identify RFLPs among all the isolates of A. flavus, A. parasiticus, and A. nomius. The RFLP patterns observed among these isolates by using specific enzyme-probe combinations are defined according to fragment molecular weight in Table 2 . The isolates corresponding to each of these patterns are recorded in Table 3 .
Repetitive ribosomal DNA (rDNA). Southern blot hybridization analysis indicated that considerable homology exists between the rRNA genes from N. crassa and A. flavus and related fungi. RFLPs were detected in the rDNA of isolates when the DNA was digested with NcoI and TaqI and hybridized with rDNA clone pRRH/X from N. crassa (22, 27) (Table 1 ). Figure 1 shows the pattern types observed with NcoI for Intl isolates 1 through 36 and Indian isolates 1 through 25. This figure is an example of a Southern blot hybridization analysis from which the pattern types recorded in Tables 2 and 3 were defined. When the pRRH/X probe was used, only three pattern types (with a maximum of three bands) were observed among these isolates for each enzyme. (27) (Table 1) . Enzyme probe combinations that failed to generate RFLPs when assessed by using the selected sample of Intl isolates 1 through 12 were not used in further analyses.
Low-copy-number nuclear genes. The plasmid pGC1-CS containing the single-copy r-protein gene crp-J of N. crassa (9) isolates, with plasmid pBT6 (P-tubulin; ; s E _ _ s S i # S t e _ d : -t , . t ' . , 9 ' , , _ . g _ . 7 0 A ; 0 0 S F ' 3 _ -'; 0f 0 0 0F t_ .:
t-'.,,, t000 ;00 ;00z' 000'00 j':. Table 3 ).
b Above the diagonal: number of common fragments/total number of fragments. ' Below the diagonal: nucleotide sequence divergence (p) values.
nomius when nuclear DNA of Intl isolates 1 through 12 was digested with BglII, ClaI, DraI (data not shown), EcoRI, EcoRV (Tables 2 and 3) , and XbaI ( Fig. 2 ; Tables 2 and 3 (Table 4) . Conversely, patterns B, C, and D, which appeared among 10 of the 18 Intl isolates, did not appear at all among the Indian isolates (Table 4 ). These differences are highly statistically significant (X2df = 2 = 19.0; P <' 0.005). Nucleotide sequence divergence determination. Nucleotide sequence divergence values (p values) were determined for all the isolates and are recorded in Table 5 . These values were subjected to UPGMA analysis (see Fig. 3 (13) . The strong correlations with taxonomic groupings are also reflected in the calculations of genetic relatedness of all the isolates (Fig. 3) . The 
